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Abstract — The lack of adherence to treatment and misuse of inhaled medication are hot topics in asthma and COPD 
management. Novel electronic monitoring devices are regarded as promising in assessing medication use. The aim of this 
study was the experimental performance evaluation of an electronic monitoring device (Amiko®) on Ellipta ® 
(GlaxoSmithKline), Spiromax® (Teva Pharmaceutical Industries), and NEXThaler® (Chiesi Earmaceutici). 
Amiko® introduces a clinically negligible inspiratory flow resistance when added to the tested DPI. It was able to detect the 
performed inhalation in more than 99% of cases providing also an estimate of the patient's inspiratory effort with a limited 
gap across the different devices. All the loading manoeuvres were recorded correctly for each DPI, independently of the 
orientation of the device, resulting in an accuracy of 100.0%. Similarly, the tool was able to detect the device orientation 
during the performed inhalation with a mean absolute error inferior than 3.53° for the three DPIs. All the above reported 
results suggest that Amiko® technology will allow to identify, store and communicate relevant data for adherence 
improvement and misuse correction. Usability test, efficacy and effectiveness in improving respiratory disease management, 
need to be explored in clinical research setting and in real life. 
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I. Introduction 

Asthma and COPD are the most common chronic respiratory diseases and represent a great burden for both patients and 
society (1). In real life, the outcomes of their management are often far from the results obtained in clinical research (2, 3). 
The reasons could be found both in the substantial differences in comorbidities between patients in traditional RCTs and 
routine clinical practice, and in the lack of adherence or misuse of the prescribed long-term treatment (6, 7). Suboptimal 
usage of inhaled medication is one of the main factors responsible for failure to achieve treatment-related goals, and carries a 
significant economic burden as a result of health care service utilization and overall health care costs. In fact, poor 
medication-taking behaviour has been associated with an increased risk of hospital admission, increased mortality rate, 
reduced quality of life, and increased healthcare expenditures (8-10). Interventions to improve medication-taking behaviour, 
and hence both clinical and economic outcomes, depend upon reliable information about the real-life usage of inhaled 
medication, and require a genuine understanding of the determinants of suboptimal adherence and poor administration 
technique (11). Novel electronic monitoring devices are regarded as promising in assessing medication use because of their 
objectivity and their ability to provide detailed information about actual patterns of medication use in both research and real 
life settings (12-16). Such information can be helpful for better understanding the use and the effectiveness of an inhaled 
drug therapy, and for the development and assessment of interventions promoting adherence and correct inhaler technique 
(17,18). Amiko® (Amiko, Milan, Italy), is an accessory device intended for single -patient use to assist patients and 
healthcare professionals in recording and monitoring inhaler usage. The device has been developed as an add-on to existing 
inhalers without any need of intervention on the functionality of the inhaler itself. Amiko® combines sensor technology with 
proprietary machine learning algorithms to record events such as the inhaler dose loading and the inhalation maneuver, and 
to capture data about the patient’s inspiratory effort and the inhaler orientation during the inhalation. The device stores the 
data and wirelessly exchanges it with a paired smartphone or a PC. Amiko® is compatible with the associated software 
application, Quantified Medicine, which provides reports on adherence patterns and inhaler technique. 
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II. Aim of the Study 

The aim of this study was to assess the performance of Amiko® as an electronic monitoring device for the recording of 
inhaler usage, on a range of dry powder inhalers (DPI): Ellipta® (GlaxoSmithKline), Spiromax® (Teva Pharmaceutical 
Industries), and NEXThaler® (Chiesi Farmaceutici). 

III. Materials and Methods 

Twelve non-rechargeable Amiko® electronic monitors were used with a total of 24 Ellipta®, 6 Spiromax® and 6 NEXThaler® 
placebo dry powder inhalers , in a performance test period of 3 days (Fig. 1). The number of Ellipta® tested was four times 
higher, as the inhaler contains only one fourth of the total number of doses in NEXThaler® and Spiromax® (30 versus 120 
doses each), and datasets of equal size for each of the feature tested were collected. All procedures and measurements in this 
study occurred in a dedicated office area at the Amiko R&D Labs in Milan under standardised conditions and were 
performed by the investigators named above, all of whom had training in correct inhaler technique. Three experimental 
setupswere developed on the basis of the available literature (19-25). 



Fig. 1 Three DPIs with and without Amiko , from left to right: Ellipta®, NEXThaler® and 
Spiromax®. Amiko® has been designed to fit on the inhalers without any need of intervention 

ON THE NORMAL 

3.1 Setup A - Impact on inspiratory flow resistance 

The airflow resistance of the three inhalers with Amiko® was measured and compared with the resistance of the inhalers 
alone, in order to evaluate if Amiko® impacts on the inspiratory flow resistance for the inhalers considered. To do so, the 
inhalers with and without Amiko® were placed in an airtight container with a volumetric flow-meter and a differential 
pressure sensor connected to a sampling tube, in order to measure the flow through and the pressure drop across the inhaler 
(Fig. 2). An air vacuum was used to generate flow rates in steps of 10 L/Min from 30 L/Min to 90 L/Min. Ten measurements 
were performed at each step for a total of 70 acquisitions. The pressure drop was recorded at each set flow rate. The 
resistance for each configuration was then computed according to the formulation proposed in the paper of Clark et al. (25) 
with the equation R = V P/F ' in which P is the pressure drop expressed in kPa, F is the flow in L/Min and R is the airflow 
resistance (measured in kPa A 0.5 / (L/Min)). Flow rate and the square root of pressure in DPI are in a linear relationship and 
the slope of this line is the resistance. The resistance of each inhaler with and without Amiko® was then compared to assess 
whether the Amiko® sensors affected the inspiratory flow resistance of Ellipta®, Spiromax® and NEXThaler®. 
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Airflow entrance 



Fig. 2 Scheme of the experimental setup employed to estimate the impact of Amiko® on the 

INSPIRATORY FLOW RESISTANCE OF THE INHALERS. THE PRESSURE SENSOR USED IS A DIFFERENTIAL 
PRESSURE TRANSDUCER (HONEYWELL, SCC SERIES), 14-BIT RESOLUTION, 500 HZ SAMPLE RATE, WITH A 
RANGE OF +/- 5 PSI (+/- 34,5 KPA). THE FLOW SENSOR IS A DIGITAL BIDIRECTIONAL FLOW-METER BY 
SENSIRION (MODEL SFM3000) WITH 14-BIT RESOLUTION AND 500 HZ SAMPLE RATE, WITH A FLOW RANGE 

OF +/- 200 L/MIN. 

3.2 Setup B - Inhalation maneuver detection and inspiratory flow measurement 

To test whether Amiko® could detect the inhalation maneuver and provide an estimate of the patient’s inspiratory effort, a 
differential pressure sensor connected to a sampling tube was utilized. This was attached to each of the inhalers’ 
mouthpieces, and was used to measure the inhalation flow rate through the inhaler during inhalations (Fig. 3). Firstly, this 
setup was employed to determine Amiko® ’s performance in detecting a patient’s inhalation, over the typical inhalation rates 
at which these inhalers' performances are tested, up to 90 L/Min (20, 23, 22). Secondly, it was used to measure key 
parameters of the inhalation profile and compare them with the ones estimated by the Amiko® devices. The inspiratory flow 
was reconstructed through the value of the pressure measured and the known resistance of the inhaler, according to the 
equation F= ^ Ip/R where the resistance used for Ellipta® was 2.86 10 A -2 kPa A 0.5/(L/Min) (20), for NEXThaler® was 3.60 
10 A -2 kPa A 0.5/(L/Min) (23) and for Spiromax® was 3.13 10 A -2 kPa A 0.5/(L/Min) (22). 



Fig.3 Experimental setup with detail on the sampling tube fixed on Amiko®, (left to right) 

for Ellipta ®, NEXThaler® and Spiromax®. 


3.3 Inhalation maneuver detection 

In performing the inhalation maneuvers with the Spiromax® and the Ellipta®, the inhalation rate was uniformly distributed in 
the range 30-90 L/Min, because 30 L/Min is the minimal inspiratory flow rate that is required for effective treatment (22). In 
testing the NEXThaler®, the inhalation rate was uniformly distributed in the range 35-90 L/Min, because the breath activated 
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mechanism (BAM) release the dose only with a flow rate of approximately 35 L/Min (23). All inhalations lasted a minimum 
of 1 second, as Amiko® is intended to record as suboptimal inhalations all maneuvers that occur below this minimum 
threshold. 

3.4 Estimating the patient’s inspiratory effort 

The patient's inspiratory effort was defined by two key parameters of the inhalation profile: the duration of the inhalation and 
the Peak Inspiratory Flow (PIF). The duration and the PIF were obtained from the inhalations detected in the previously 
collected dataset. The duration of each inhalation was measured from the flow rate, obtained by converting the signal of 
pressure into flow. Since the flow was sampled at 500 samples per seconds, the duration of each inhalation was measured by 
the number of points above the flow thresholds of 30 L/Min for Ellipta® and Spiromax®, 35 L/Min for NEXThaler®, 
accordingly with the minimum effective flow rate of each inhaler (Fig. 4). Such duration was then compared with the one 
estimated by Amiko® for the inhalations detected. Amiko® provides the measure of the duration with a resolution of 64 ms. 
The PIF was measured on each inhalation as the highest point in the flow rate curve. These measurements were then 
compared with the values estimated by the Amiko® sensors, for the inhalations that were detected. 
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Fig. 4 Duration and PIF measured on three inhalation profiles on (left to right): Ellipta®, 
Spiromax® and NEXThaler®. The duration was computed as the time of the flow above the 
THRESHOLD OF 30 L/MlN FOR ELLIPTA® AND SPIROMAX ®, 35 L/MlN FOR NEXTHALER®. 


3.5 Setup C - Loading detection and orientation during inhalation 

Another setup was employed to test the accuracy in the detection of loading maneuvers and the accuracy in the estimation of 
the orientation during inhalations. To perform a correct loading maneuver for Ellipta® and Spiromax®, the patient needs to 
fully open the mouthpiece cover until a “click” is heard, which is an audible feedback that signals that the dose is ready to be 
inhaled (Relvar® Ellipta® Patient Information Leaflet, GlaxoSmithKline, 2016. DuoResp® Spiromax® Patient Information 
Leaflet, Teva Pharmaceuticals, 2015), while for NEXThaler® it is sufficient to fully open the cover (Foster® NEXThaler® 
Patient Information Leaflet, Chiesi Farmaceutici, 2016). The orientation of the inhaler during the inhalation, defined as the 
angle between the direction at which the mouthpiece of the inhaler is pointing and the horizontal plane, was also recorded. 
The inhaler with Amiko® was set in a jointed vise at a randomly generated angle between -90° (mouthpiece pointing down) 
and +90° (mouthpiece pointing up) with steps of 10°, by means of a goniometer (Fig. 5). The inhaler was then loaded by 
fully opening the cover, for Ellipta® and Spiromax® until the “click” was heard, then an inhalation was performed with the air 
vacuum at 60 L/Min for 4 seconds. The cover was then closed back to cover the mouthpiece and the procedure was repeated. 
The number of loadings recorded by the devices was then compared to the number of loadings performed, and the orientation 
estimated was then compared with the angle set. 
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Fig. 5 (Top) Inhalers with Amiko® positioned in a jointed vise with different orientations, 

FROM LEFT TO RIGHT: ELLIPTA®, NEXTHALER® AND SPIROMAX®. (BOTTOM) INHALERS POSITIONED IN THE 
VISE AFTER THE LOADING MANEUVER IS PERFORMED WITH THE COVER FULLY OPENED. 

IV. Results 

4.1 Impact on inspiratory flow resistance 

The airflow resistance of the two configurations, with and without Amiko, were compared (Tab. 1). 


Tab. 1 

Measured resistances with and without Amiko® for the 3 DPIs and their difference. 


DPI 

Inhaler’s Resistance without 
Amiko® 

[kPa A 0.5/ (L/Min)] 

Inhaler Resistance 
with Amiko® 
[kPa A 0.5/(L/Min)] 

Difference in Resistance 
[kPa A 0.5/(L/Min)] 

Ellipta® 

2.8521 10 A -2 

2.8524 10 A -2 

3 10 A -6 

NEXThaler® 

3.6132 10 A -2 

3.6134 10 A -2 

2 10 A -6 

Spiromax® 

3.1324 10 A -2 

3.1326 10 A -2 

2 10 A -6 


4.2 Inhalation maneuver detection 

The inhalation detection was evaluated on 480 maneuvers for each of the three inhalers. For Ellipta® 478 out of 480 (99.58%) 
inhalation maneuvers were correctly recorded. The inhalations that were not recorded had a PIF of 32.1 L/Min and of 31.8 
L/Min. For NEXThaler® and Spiromax®, 479 out of 480 (99.79 %) inhalation maneuvers were correctly recorded. The 
inhalations that were not recorded had respectively a PIF of 37.3 L/Min and 41.2 L/Min. 

4.3 Inhalation duration, PIF and orientation 

The values of duration, PIF and orientation, estimated by Amiko® versus the values actually measured, are plotted in Fig. 6. 
The mean (std) absolute error between the actual duration and the estimate provided by the Amiko® sensors was 0.18 s (0.15 
s) for Ellipta®, 0.12 s (0.25 s) for NEXThaler®, and 0.12 s (0.13 s) for Spiromax®. The mean (std) absolute error between the 
measured and the estimated PIF was 8.16 L/Min (6.52 L/Min) for Ellipta®, 7.95 L/Min (5.81 L/Min) for NEXThaler®, and 
4.9 L/Min (3.98 L/Min) for Spiromax®. The mean (std) absolute error for between the set orientation and the orientation 
estimated was 3.01° (2.48°) for Ellipta®, 3.53° (2.99°) for NEXThaler® and 3.29° (2.54°) for Spiromax. 
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Fig. 6: Measured vs. Amiko® estimated inhalation duration, PIF and device orientation for 

Ellipta ®, NEXThaler® and Spiromax® 

4.4 Loading detection 

All the loading maneuvers were recorded correctly (240/240) for each DPI, resulting in an accuracy of 100.0%. Loading 
detection was found to be independent from the orientation of the device and from the inhaler's life cycle, as all loadings 
were correctly recorded independently from the angle set or the number of doses left in the inhaler. 

V. Discussion 

The World Health Organization (WHO) stated that increasing adherence to long-term therapies may have a far greater 
clinical and economic impact than any improvement in specific medical treatments (26). Poor adherence results in 
uncontrolled or partly controlled asthma and leads to more frequent symptoms and exacerbations in COPD patients (2,3). 
Several studies have explored the main factors affecting non-adherence in Asthma and COPD, and the failure of patients to 
adhere to prescribed treatments or to demonstrate competence with the steps in the administration of inhaled medications, are 
well known (11). The world of inhalation drug delivery devices has been characterized by a surprising technological 
evolution in the last decade, resulting from the effort to improve adherence and the quality of inhaled therapies: inhalers are 
now easier to use, provide patients with instant feedback to promote proper use and ensure a better distribution of the drug 
within the lung. And now, the wave of mobile health is emerging and is bound to transform the world of inhalation drug 
delivery devices, inhaled drugs and ultimately, respiratory care. The WHO has recognized the extraordinary relevance of 
mobile health as a field with the potential to radically transform the overall care process (27) and provide a solution to 
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improve health and well-being while increasing the systems’ quality and efficiency. When it comes to improving respiratory 
health management and medication adherence, connected inhalers are emerging as one of the most promising mobile health 
solutions. Electronic monitors for inhalers have been developed since the 4 80s, in an attempt to provide a more reliable 
alternative to subjective monitoring of a patient’s medication use. Ideally, they should be able to monitor if, when and how a 
patient is using their inhaler without affecting the functionality of the inhaler itself, and provide access to data useful in 
assessing adherence and therapeutic response. The current paper provides the experimental performance evaluation of 
Amiko® as an electronic monitoring device, using a range of currently available dry powder inhalers (Ellipta®, Spiromax® 
and Nexthaler®). Amiko combines sensor technology with proprietary machine learning algorithms to record events or 
features of the dispenser or the dispensing, including inhaler dose loading, inhalation maneuver, estimation of the patient’s 
inspiratory effort and evaluation of the inhaler orientation during the inhalation. Amiko does not affect the inspiratory flow 
resistance. In fact, the flow resistance introduced by the monitor (Resistance with Amiko® - Resistance without Amiko®) 
was found to be smaller of four orders of magnitude compared to the intrinsic resistance of the inhalers. So the difference in 
resistance with Amiko® can be considered clinically negligible. Amiko® was found to be over 99% accurate in detecting the 
performed inhalation. Furthermore, it provided an estimate of the patient’s inspiratory effort, recording the inhalation 
duration with a mean absolute error smaller than 180ms (0,18 s) and the PIF with a mean absolute error smaller than 8.16 
L/Min. All the loading manoeuvres were recorded correctly for each DPI, independently of the orientation of the device, 
resulting in an accuracy of 100%. Similarly, the tool was able to detect the device orientation during the performed inhalation 
with a mean absolute error inferior than 3.53° for the three DPIs. All the above reported results suggest that Amiko® 
technology will allow to identify, store and communicate relevant data for adherence improvement and misuse correction. 
Usability test, efficacy and effectiveness in improving respiratory disease management, need to be explored in clinical 
research setting and in real life. 
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